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SYSTEM AND METHOD FOR SHAPING A 
WAVEFORM 

FIELD OF THE INVENTION 

This invention relates to the ?eld of optical transmission of 
data and in particular to methods of, and apparatus for, optical 
transmission along dielectric Waveguides, and to optical com 
munication systems employing optical transmission. 

BACKGROUND OF THE INVENTION 

Optical transmission of information provides numerous 
bene?ts over conventional electromagnetic data transmission 
including, for example, much higher data capacity and trans 
fer rates With decreased energy consumption. 

Optical transmission of data or information employs elec 
tromagnetic Waves from a spectrum of Wavelengths, includ 
ing, but extending Well beyond, visible light, and expressions 
herein such as “optical”, “light” and related terms are accord 
ingly to be understood in the Wider sense of referring to 
electromagnetic Waves Within this broader spectrum of Wave 
lengths. 

Optical transmission of data or information is typically 
accomplished by transmission through a dielectric 
Waveguide, such as a ?ber optic cable. Light may effectively 
be modulated in accordance With the data or information to be 
transported along the dielectric Waveguide. 

Presently, the majority of optical communication systems 
presently in operation use direct intensity modulation for 
conveying digital information. A typical optical telecommu 
nications system is described for example, in the reference 
Digital Signal Transmission, by C. C. Bissell, and D. A. 
Chapman, Cambridge Univ. Press, 1992. 

Optical transmission systems, due to the many advantages 
they present, have become Widely used for telecommunica 
tions. An optical netWork, such as for example, a local area 
netWork (LAN), metropolitan area netWork (MAN), and 
Wide-area netWork (WAN), typically include a transmitter at 
an input end, a receiver at an output end, and a communica 
tions medium in betWeen (eg an optical ?ber). The transmit 
ter’s main task is to convert an electrical signal to an optical 
signal. As the electrical signal enters the transmitter, the 
binary electrical pulses may be channel and line coded to 
optimiZe the integrity of the conveyed data sequence and 
make it suitable for transmission as, for example, optical 
pulses. 

Typically, a ?nal step for the transmitter is use of an optical 
pulse generator, Which converts the electrically coded pulses 
into optical pulses. The optical pulse generator may be mod 
eled as a ?lter With the impulse response related to the desired 
pulse shape. This type of ?lter is directed to the actual trans 
mission and detection of individual pulses. This type of ?lter 
may, to an extent, be tailored to provide increased bandWidth 
utiliZation and for improving receiver sensitivity. 

Methods for multiplexing of data and information are also 
knoWn. For example, digital modulation techniques include 
variations on neutral, unipolar, polar, NRZ, RZ, and bi-phase. 
Many optical ?ber communications systems use NRZ in con 
junction With amplitude on/off modulation for data speeds up 
to 10 Gb/s. 

The more common multiplexing methods include for 
example, time-division multiplexing (TDM), Wavelength-di 
vision multiplexing (WDM), and code-division multiplexing 
(CDM). TDM assigns speci?c time-slots for every user bits; 
WDM assigns different Wavelengths for different users and/ 
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2 
or sub-netWorks; and CDM assigns each user With a code 
rather than a time slot and/or speci?c Wavelength. 

CDM may, to a certain extent, be vieWed as a mixture of 
TDM and WDM. CDM is becoming the dominant multiplex 
ing method for RF Wireless netWorks and is suggested as the 
future multiplexing method for optical ?ber netWorks. 

When examining TDM, WDM and CDM, each present 
speci?c challenges. For example, the main disadvantages 
With the TDM and WDM methods are: relatively high 
crosstalk due to optical nonlinearities, the need for temporal 
and spectral guard bands and a lack of a secure encryption 
method. A main disadvantage With CDM is the inef?cient use 
of the bandWidth, in addition to some of the disadvantages 
associated With TDM and WDM. 

A number of systems have attempted to provide methods 
for altering various characteristics of a Waveform, such as 
US. Pat. No. 6,826,209 to Morita et al. (“the ’209 patent”), 
Which discloses an ultra-broadband, variable and multiple 
Wavelength, Waveform shaping apparatus. A light pulse gen 
erator enables a fundamental Wave light pulse to bring about 
a self-phase modulation effect, Which results in expansion of 
the spectrum, or causes an induced phase modulation effect 
betWeen the fundamental Wave pulse and the pulse generated 
by a nonlinear phenomenon that takes place using the funda 
mental Wave pulse. HoWever, the ’209 patent fails to teach a 
system or method that addresses the problems associated With 
TDM, WDM and CDM, in particular, the problems associ 
ated With third-order nonlinearities. 

US. Pat. No. 6,778,730 to Hironishi (“the ’730 patent”) 
also discloses an optical signal processing device Which pro 
vides a stable temporal order to the modulation-phases of a 
plurality of optical signals, the system including an optical 
demultiplexer and an optical multiplexer for adaptation to 
WDM (Wavelength division multiplexing). HoWever, While 
the ’730 patent may be adapted for use With WDM, the ’730 
patent fails to teach a system or method that addresses third 
order nonlinearity problems in optical transmission systems. 
US. Pat. No. 5,682,262 to Wefers et al. (“the ’262 patent”) 

still further discloses a method and device for shaping both 
the temporal and spatial pro?les of an input optical pulse to 
generate an output optical Waveform. Waveforms generated 
With the pulse-shaping device have spatial pro?les Which 
either match the pattern imparted by a mask on the optical 
?eld (i.e., “shadoW imaging”) or are the Fourier transform of 
the pattern (i.e., “Fourier imaging”). HoWever, the ’262 patent 
fails to teach any kind of system or method that addresses 
third-order nonlinearity problems in optical transmission sys 
tems. 

Still another challenge facing the optical transmission 
industry today is effective encryption of data transmitted via 
an optical medium. While various encryption methods are 
knoWn, typically the methods include encryption of the data 
prior to conversion to an optical signal. One system that has 
attempted to deal With this challenge is US. Published Patent 
Application No. 2004/0081471 to Lee (“the ’0081471 appli 
cation”), Which discloses a method of transmitting data in a 
dense mode Wavelength division multiplex optical system 
and generally includes the steps of: selectively combining 
data from a plurality of data channels in a corresponding 
plurality of optical channels in accordance With an encryption 
key, transmitting the plurality of optical channels, receiving 
the plurality of optical channels, and selectively de-combin 
ing the data from the plurality of optical channels to receive 
the plurality of data channels in accordance With the encryp 
tion key. HoWever, as With any data encryption system, a 
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determined individual With enough computer power may 
break the encryption method taught in the ’008 l 471 applica 
tion. 

SUMMARY OF THE INVENTION 

Therefore, What is desired then is a system and method that 
provides for the transmission of light along a dielectric 
Waveguide by methods Which avoid at least some of the 
disadvantages associated With TDM, WDM and CDM mul 
tiplexing as stated above. 

It is further desired to provide a system and method for the 
transmission of light along a dielectric Waveguide, Where 
optical nonlinear effects are substantially suppressed. 

It is still further desired to provide a system and method for 
the transmission of light along a dielectric Waveguide, Which 
provides for an enhanced encryption method of the optically 
transmitted data or information. 

These and other objects are achieved, in one advantageous 
embodiment, by providing a method of transmitting light 
along a dielectric Waveguide using a pulse shaping device or 
?lter, Which is located betWeen, for example, the modulated 
laser data stream and the optical ?ber. This pulse shaping 
device or ?lter acts to alter the laser output signal (Waveform, 
pulse) in a speci?c, calculated Way both temporally and spec 
trally. 
One of the purposes of this type of Waveform shaping, is to 

spectrally arrange the pulse energy in such a manner that it is 
maintained beloW a level of nonlinear excitation. 

For this application, the term “level of nonlinear excita 
tion” is to be understood as an energy level that is suf?ciently 
high so as to produce optical third order nonlinearities, such 
as for example but not limited to: Self-Phase Modulation 
(SPM), Cross-Phase Modulation (CPM), Stimulated Raman 
Scattering (SRS), Four-Wave Mixing (FWM), and so forth. It 
is advantageous to minimiZe or substantially avoid third order 
nonlinearities, such as may be encountered With TDM, WDM 
and CDM. Third order nonlinearities may cause for example, 
attenuation of the signal, signal dispersion and/or cross talk 
betWeen differing channels. 

Therefore, one of the objects of the invention is to spec 
trally arrange the pulse energy so that it is maintained beloW 
a level of nonlinear excitation thus avoiding many of the 
problems associated With third order nonlinearities as 
described above. Another purpose of the Waveform shaping is 
to provide a method for temporally and spectrally sharing the 
energy of the pulses selectively for different users on the 
optical ?ber, thereby increasing overall e?iciency. 

Selective Waveform shaping also alloWs for selective 
detection using, for example, a matched ?lter device provid 
ing for a highly secure encryption method. This form of 
Waveform shaping encrypts the optical signal itself rather 
than the data prior to conversion to an optical signal. The 
encrypted pulses in turn, are maintained at an energy level 
that is beloW a threshold level at Which nonlinearity problems 
begin to manifest themselves on the ?ber. 

The term “data” as used herein means any indicia, signals, 
marks, symbols, domains, symbol sets, representations, and 
any other physical form or forms representing information, 
Whether permanent or temporary, Whether visible, audible, 
acoustic, electric, magnetic, electromagnetic or otherWise 
manifested. The term “data” as used to represent predeter 
mined information in one physical form shall be deemed to 
encompass any and all representations of the same predeter 
mined information in a different physical form or forms. 
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4 
The term “network” as used herein includes both netWorks 

and intemetWorks of all kinds, including the Internet, and is 
not limited to any particular netWork or inter-netWork. 

The terms “?rst” and “second” are used to distinguish one 
element, set, data, object or thing from another, and are not 
used to designate relative position or arrangement in time. 

The terms “coupled”, “coupled to”, and “coupled With” as 
used herein each mean a relationship betWeen or among tWo 

or more devices, apparatus, ?les, programs, media, compo 
nents, netWorks, systems, subsystems, and/or means, consti 
tuting any one or more of (a) a connection, Whether direct or 
through one or more other devices, apparatus, ?les, programs, 
media, components, netWorks, systems, subsystems, or 
means, (b) a communications relationship, Whether direct or 
through one or more other devices, apparatus, ?les, programs, 
media, components, netWorks, systems, subsystems, or 
means, and/or (c) a functional relationship in Which the 
operation of any one or more devices, apparatus, ?les, pro 
grams, media, components, netWorks, systems, subsystems, 
or means depends, in Whole or in part, on the operation of any 
one or more others thereof. 

In one advantageous embodiment, a method for transmit 
ting data as an optical pulse along a dielectric Waveguide is 
provided, comprising the steps of identifying a third-order 
nonlinearity threshold, and generating an optical pulse 
including input data, the optical pulse having a shape and a 
poWer level Which exceeds the identi?ed third-order nonlin 
earity threshold, for conventional pulses. The method further 
comprises the step of altering the optical pulse shape in both 
amplitude and phase With respect to time to form a modi?ed 
shape Which is substantially maintained beloW said third 
order nonlinearity threshold so as to avoid development of 
third-order nonlinearities occurring in the dielectric 
Waveguide during transmission of said optical pulse and to 
increase the poWer level of the optical pulse. The method 
further comprises the step of inputting the optical pulse into 
the optical ?ber for propagation doWn the dielectric 
Waveguide. 

In another advantageous embodiment, a system for trans 
mitting data as an optical pulse along a dielectric Waveguide 
is provided, comprising an optical pulse generator for gener 
ating an optical pulse including input data to be transmitted, 
and a ?rst ?lter coupled to the optical pulse generator, the ?rst 
?lter receiving the optical pulse. The system is provided such 
that the ?rst ?lter alters a shape of the optical pulse in both 
amplitude and phase With respect to time to form a modi?ed 
optical pulse shape so as to suppress generation of third-order 
nonlinearities in the dielectric Waveguide and to increase a 
poWer level of the optical pulse. The system is further pro 
vided such that the ?rst ?lter is coupled to the dielectric 
Waveguide and the modi?ed optical pulse is inputted into and 
transmitted along the dielectric Waveguide. 

In still another advantageous embodiment, a method for 
securely transmitting data in the form of an optical pulse 
along a dielectric Waveguide is provided, comprising the 
steps of generating an optical pulse including input data to be 
transmitted, and altering a shape of the optical pulse in ampli 
tude and phase With respect to time to encrypt the input data 
Within the optical pulse. The method further comprises the 
steps of inputting the modi?ed optical pulse into the dielectric 
Waveguide for propagation doWn the dielectric Waveguide, 
and altering the modi?ed optical pulse shape in amplitude and 
phase With respect to time to de-crypt the data Within the 
optical pulse. The method still further comprises the step of 
converting the optical pulse to output data substantially cor 
responding to the input data. 
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In yet another advantageous embodiment, a system for 
securely transmitting data in the form of an optical pulse 
along an dielectric Waveguide is provided, comprising an 
optical pulse generator for generating an optical pulse includ 
ing input data to be transmitted. The system further comprises 
a ?lter coupled to the optical pulse generator, for receiving the 
optical pulse, the ?lter formed according to the folloWing 
formula: 

h(t): fmmmewwdw 

Where H(u)) is a data transfer function that is determined as a 
function of frequency. The system is provided such that the 
?rst ?lter alters a shape of the optical pulse in both amplitude 
and phase With respect to time to encrypt the optical pulse, the 
?rst ?lter is coupled to the dielectric Waveguide, and the 
encrypted optical pulse is inputted into and transmitted along 
the dielectric Waveguide. 

In still another advantageous embodiment, a system for 
transmitting data as an optical pulse along a dielectric 
Waveguide is provided, comprising an optical pulse generator 
for generating an optical pulse including input data to be 
transmitted and a ?lter coupled to the optical pulse generator 
for receiving the optical pulse, the ?lter having an impulse 
response h(t), Which is a Fourier transform of a data transfer 
function H(u)). The system is provided such that the ?lter 
alters a shape of the optical pulse in both amplitude and phase 
With respect to time to form a modi?ed optical pulse shape so 
as to substantially maintain the optical pulse beloW an iden 
ti?ed threshold energy level at Which third-order nonlineari 
ties occur and to increase the poWer level of the optical pulse. 

Other objects of the invention and its particular features 
and advantages Will become more apparent from consider 
ation of the folloWing draWings and accompanying detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of one advantageous embodi 
ment of the present invention. 

FIG. 1A is a diagrammatic representation of a Waveform. 
FIG. 2 is a block diagram according to FIG. 1. 
FIG. 3 is a block diagram according to FIG. 1. 
FIG. 4 is How diagram illustrating the process according to 

the system shoWn in FIG. 1. 
FIG. 5 is a How diagram according to FIG. 4. 
FIG. 6 is a How diagram according to FIG. 4. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring noW to the draWings, Wherein like reference 
numerals designate corresponding structure throughout the 
vieWs. 

The principles of the present invention are noW described 
With reference to an embodiment using, for example, a long 
haul ?ber optic netWork. HoWever the principals of the 
present invention are applicable to other shared medium net 
Works that employ medium that are dispersive, absorptive, 
and nonlinear. 

Referring noW to FIG. 1, optical transmitting system 10 is 
illustrated as a block diagram. Input data 12 is provided to 
optical pulse generator/encoder 14, Which transforms the 
electronic input data 12 (illustrated as dashed line) to an 
optical pulse 16 (illustrated as solid line). Various forms of 
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6 
coding of the input data may occur at this stage and Will be 
discussed in connection With FIG. 3. 

Optical pulse 16 is then fed to ?lter (encryptor) 18. The 
optical pulse 16 is noW transformed into an encrypted optical 
pulse 20. It is contemplated that ?lter (encryptor) 18 may 
comprise a spatial light modulator, a re?ective ?ber Bragg 
grating, a transmitting ?ber Bragg grating, a Mach-Zehnder 
interferometer (MZI) type optical gate, or similar technique. 
In this manner, Waveform shaping and encryption occurs at 
the optical level rather than at the electrical data level. 

Filter (encryptor) 18 uses spatial changes in its refractive 
index to prescribe neW properties onto optical pulse 16 to 
generate encrypted optical pulse 20. This provides a number 
of signi?cant advantages. 

First, the pulse energy of encrypted optical pulse 20 is 
spectrally arranged such that it is essentially maintained 
beloW a level of nonlinear excitation. This alloWs the system 
to avoid the many problems associated With third order non 
linearities. 

It is also desirable to increase the energy level of optical 
pulse 16 for more ef?cient propagation over a long haul ?ber 
optic netWork. HoWever, it must be noted that in conventional 
systems, increasing the energy level too much, speci?cally 
over the threshold at Which third-order nonlinearity become 
an issue, Will result in many of the problems associated With 
third order nonlinearities as previously described thereby 
decreasing overall e?iciency. Therefore, it is highly desirable 
to increase the energy level of optical pulse 16, While at the 
same time avoid third order nonlinearity problems. Filter 
(encryptor) 18 prescribes neW properties onto optical pulse 
16, such that the resulting encrypted optical pulse 20 substan 
tially avoids exceeding the identi?ed third order nonlinearity 
threshold. 

Filter (encryptor) 18 alters the optical pulse shape of opti 
cal pulse 16 in both amplitude and phase With respect to time 
to form encrypted optical pulse 20, Which has a modi?ed 
optical pulse shape and more ef?ciently utiliZes the frequency 
bands beloW the third order nonlinearity threshold. It is still 
further contemplated that, because the optical pulse shape of 
optical pulse 16 may be fairly easily controlled, optical pulse 
generator/encoder 14 can actually be used to generate and 
optical pulse that exceeds the identi?ed third order nonlinear 
ity threshold. HoWever, the energy that exceeds the third order 
nonlinearity threshold is repositioned in both amplitude and 
phase With respect to time in such a manner that the encrypted 
optical pulse 20 does not exceed the identi?ed third order 
nonlinearity threshold. In this manner, ?lter (encryptor) 18 
alloWs for an overall increase in the poWer level of encrypted 
optical pulse 20 While still avoiding third order nonlinearity 
problems as the increased energy is relocated to substantially 
avoid exceeding the third order nonlinearity threshold. 

Filter (encryptor) 18 therefore, acts as a linear ?lter, Where 
an input signal or optical pulse 16 comprises data (e. g. a 
signal from a telephone company), While the output from 
?lter (encryptor) 18 is a scrambled version of the input 
according to a data transfer function H(u)) of ?lter (encryptor) 
18. Data transfer function H(u)) is a function of frequency and 
is calculated according to What the individual customer 
desires for system performance. Once data transfer function 
H(u)) is determined, based on consultation With the customer, 
an impulse response h(t) of ?lter (encoder) 18 may then be 
calculated. Impulse response h(t) is a Fourier transform of a 
data transfer function H(u)) and may be calculated according 
to the folloWing formula: 
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Formula 1 

Filter (encryptor) 18 may therefore be provided as a unique 
?lter arrangement that will prescribe new properties to optical 
pulse 16 as a unique ?lter. It is contemplated that virtually an 
in?nite number of ?lter arrangements may be produced, each 
having the ability to prescribe new and unique properties to 
optical pulse 16. 

Another purpose of the waveform shaping accomplished 
by ?lter (encryptor) 18 is to provide a method for temporally 
and spectrally sharing the energy of the pulses selectively for 
different users on the optical ?ber. This results in the system 
bandwidth being substantially increased. This function will 
be described in greater detail in connection with FIG. 2. 

Selective waveform shaping also allows for selective 
detection using, for example, a matched ?lter device provid 
ing for a highly secure encryption method. 

Referring back to FIG. 1, encrypted optical pulse 20 is fed 
into optical transmission medium 22, which may comprise 
any dielectric waveguide, such as for example, but not limited 
to, an optical ?ber. 

It is contemplated that, due to the increase in the power 
level of optical pulse 16 performed by optical pulse generator/ 
encoder 14, very few or a reduced number of repeaters (not 
shown) may be used in connection with optical transmission 
medium 22. Repeaters typically perform, for example, pulse 
detection, re-timing and error detection, and pulse genera 
tion. 

Encrypted optical pulse 20 is ?nally received by ?lter (de 
cryptor) 24, which may comprise the same device as ?lter 
(encryptor) 18, but is reversed so as to reform or reconstitute 
optical pulse 16 from encrypted optical pulse 20. In this 
manner, the power level of optical pulse 16 may be greatly 
increased, while at the same time problems associated with 
third order nonlinearities may be substantially avoided, 
reducing the number of repeaters that may be required with, 
for example, the long haul ?ber optic network. 

Optical pulse detector/decoder 26 then receives optical 
pulse 16 and detects the data, which is in turn generated as 
output data 28, substantially corresponding to input data 12. 

Turning now to FIG. 1A there is depicted the effect of the 
?lter of an approximately Gaussian input pulse in both time 
and frequency. 
One purpose of the Filter (encryptor) 18 is to substantially 

impede nonlinear interactions in an optical ?ber by precom 
pensating the signal pulses. This may be accomplished by 
reducing the power per unit time and frequency of the signal 
pulses, as well as imposing a nonlinear chirp. Reduction of 
power is bene?cial for lessening both phase-matched and 
non-phase matched nonlinear interactions in the ?ber. The 
nonlinear chirp primarily works to diminish phase-matched 
nonlinearities. 

The following examples are presented to further illustrate 
and explain the present invention and should not be taken as 
limiting in any regard. All physical and mechanical measure 
ments were conducted using industry standard test methods. 

Referring to FIG. 1A, it can be seen that the ?lter increases 
the width in both time and frequency. A speci?c increase in 
spectral width may be obtained for many (e. g. in?nitely) 
different chirps. It should be noted that the optimum chirp is 
a direct function of the particular ?bers used in the network. 

In one example, it was found that to obtain an order of 
magnitude increase in launched power (while still avoiding 
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8 
nonlinearities) for a ?ber length of 71 km, a factor of 2 
increase in spectral width is required. The chirp has per 
formed most e?iciently when it was negative (more blue 
frequencies at the beginning of the pulse and more red fre 
quencies at the end of the pulse) with a slope of at least 0.1 
nm/ps. However, it should be noted that other slopes and 
chirps are useful under different network conditions. 

Referring now to FIG. 2, the present invention is illustrated 
including multiple user data channels 12', 12", 12”. In this 
particular embodiment it is contemplated that multiple user 
data channels 12', 12", 12” may effectively be fed into optical 
pulse generator/ encoder 14, which may be transformed from 
electrical data signals to a composite multiplexed optical 
signal 16'. Composite multiplexed optical signal 16' therefore 
includes multiple user data channels 12', 12", 12” where each 
channel is separated by a wavelength distance. 

It is contemplated that in this advantageous embodiment, 
?lter (encryptor) 18 may again be used to alter the shape of 
optical pulse 16' by modifying both amplitude and phase with 
respect to time generating encrypted optical pulse 20'. This 
has the bene?t of avoiding problems associated with third 
order nonlinearities as previously discussed while at the same 
time allowing for an increase in signal strength. Additionally, 
?lter (encryptor) 18 may be used to decrease the wavelength 
distance between multiple user data channels 12', 12", 12” by 
at least a factor of four, which acts to increase a total band 
width of the optical pulse. 

It is still further contemplated that the ?lter (encryptor) 18 
may separate in time multiple user data channels 12', 12", 12” 
that are occupying the same wavelength band. 

Referring now to FIG. 3, various forms of data coding are 
illustrated. For example, input data 12 is fed into optical pulse 
encoder 14. As an initial function, optical pulse encoder 14 
may apply, for example, channel coding 30 to input data 12, 
which may include the input data sequence plus a timing 
waveform to match to the channel. Optical pulse encoder 14 
may further apply line coding 32 to input data 12, which may 
include combining the data and timing, and further adding the 
overhead of the waveform for error detection. The channel 
and line coded data may then be input to optical pulse gen 
erator 34 for conversion to an optical pulse. 

Referring now to FIG. 4, a ?ow diagram is illustrated 
depicting process 100 according to the present invention. As 
an initial step, identi?cation of a third order nonlinearity 
threshold 102 is performed as is commonly done in industry. 
Data to be transmitted is inputted 104 to an optical pulse 
generator to generate an optical pulse 106. Notably, the power 
level of the generated pulse may advantageously exceed the 
identi?ed third order nonlinearity threshold. 
Once input into the optical generator/encoder, the input 

data may be channel coded 118 and line coded 120 as previ 
ously discussed herein (FIG. 5). The optical pulse or signal is 
then sent to a ?lter where the optical pulse is altered 108 such 
that the optical pulse that is to be transmitted does not exceed 
the third order nonlinearity threshold. 

The optical signal is altered in a number of different ways, 
including, altering the optical pulse amplitude with respect to 
time 124 and altering the optical pulse phase with respect to 
time 126 (FIG. 6). This has the tendency to substantially avoid 
generation of third order nonlinearities 128 as previously 
described herein. Another advantage of this technique is that 
the power level of the optical pulse may exceed the third order 
nonlinearity threshold when originally generated, but is rear 
ranged or altered prior to transmission such that the modi?ed 
pulse does not exceed the threshold. In this manner, more 
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energy may be input into the pulse allowing for an increase in 
the distance the signal may be transmitted over without need 
of a signal repeater. 

The altered/encrypted pulse is then transmitted via the 
dielectric waveguide or optical ?ber 110, which may or may 
not include, for example, repeaters (not shown) over a long 
haul ?ber optic network. 

Once the optical pulse has been transmitted via the dielec 
tric waveguide, the altered or encrypted pulse may then be 
received and reformed or reconstituted back into the original 
waveform shape 112. This may be accomplished by provid 
ing a reversed matching ?lter as was used to originally alter or 
encrypt the optical pulse. The matching ?lter may be gener 
ated by the same formula as was utiliZed to generate to 
encryptor ?lter. 

The reconstituted optical pulse is then fed to an optical 
detector/decoder where the optical pulse is detected 114, and 
may further be decoded as desired. The resulting output data 
may then be read 116, substantially corresponding to the 
input data. 

It should be noted that, while various functions and meth 
ods have been described and presented in a sequence of steps, 
the sequence has been provided merely as an illustration of 
one advantageous embodiment, and that it is not necessary to 
perform these functions in the speci?c order illustrated. It is 
further contemplated that any of these steps may be moved 
and/ or combined relative to any of the other steps. In addition, 
it is still further contemplated that it may be advantageous, 
depending upon the application, to utiliZe all or any portion of 
the functions described herein. 

Accordingly, various signi?cant advantages may be real 
iZed by use of the present systems and methods described 
herein. Some of these advantages include, 1) increased power 
level of the optical pulse; 2) avoidance of third order nonlin 
earities; 3) temporally and spectrally sharing the energy of the 
pulses selectively for different users on the optical ?ber to 
substantially increase system bandwidth; and 4) selective 
detection using a matched ?lter device providing for a highly 
secure encryption method of the optical waveform itself. 

Although the invention has been described with reference 
to a particular arrangement of parts, features and the like, 
these are not intended to exhaust all possible arrangements or 
features, and indeed many other modi?cations and variations 
will be ascertainable to those of skill in the art. 

What is claimed is: 
1. A method for transmitting data as an optical pulse along 

a dielectric waveguide comprising the steps of: 
identifying a third-order nonlinearity threshold; 
generating an optical pulse including input data, the optical 

pulse having a shape and a power level which exceeds 
the identi?ed third-order nonlinearity threshold; 

altering the optical pulse shape in both amplitude and 
phase with respect to time to form a modi?ed optical 
pulse shape which is maintained at or below said third 
order nonlinearity threshold so as to avoid development 
of third-order nonlinearities occurring in the dielectric 
waveguide during transmission of said modi?ed optical 
pulse; and 

inputting the modi?ed optical pulse into the optical ?ber 
for propagation along the dielectric waveguide. 

2. The method according to claim 1, further comprising the 
steps of receiving the modi?ed optical pulse from the dielec 
tric waveguide and altering the modi?ed optical pulse shape 
in both amplitude and phase with respect to time to retrieve 
the original generated optical pulse. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
3. The method according to claim 1, wherein the optical 

pulse comprises multiple user channels for transmitting data, 
each channel being separated by a wavelength distance. 

4. The method according to claim 3, wherein the step of 
altering the optical pulse shape in amplitude and phase further 
includes decreasing the wavelength distance by at least a 
factor of four to increase a total bandwidth of the optical 
pulse. 

5. The method according to claim 1, further comprising the 
steps of coding the data prior to generation of the optical 
pulse. 

6. The method according to claim 5, wherein the coding is 
selected from the group consisting of: channel coding, line 
coding and combinations thereof. 

7. A system for transmitting data as an optical pulse along 
a dielectric waveguide comprising: 

a third-order nonlinearity threshold; 
an optical pulse generator for generating an optical pulse 

having a power level that exceeds said third-order non 
linearity threshold, said optical pulse including input 
data to be transmitted; 

a ?rst ?lter coupled to said optical pulse generator, said ?rst 
?lter receiving the optical pulse, said ?rst ?lter coupled 
to the dielectric waveguide; 

said ?rst ?lter altering a shape of the optical pulse in both 
amplitude and phase with respect to time to form a 
modi?ed optical pulse shape, which is maintained at or 
below said third-order nonlinearity threshold so as to 
suppress generation of third-order nonlinearities in the 
dielectric waveguide; 

wherein said modi?ed optical pulse is input into and trans 
mitted along said dielectric waveguide. 

8. The system according to claim 7, further comprising: 
a second ?lter, coupled to the dielectric waveguide, said 

second ?lter receiving the modi?ed optical pulse from 
the dielectric waveguide; 

said second ?lter altering the modi?ed optical pulse shape 
in both amplitude and phase with respect to time to 
substantially restore the original optical pulse shape; and 

an optical pulse detector for detecting the substantially 
restored optical pulse such that output data is generated, 
which corresponds to the input data. 

9. The system according to claim 7, wherein the optical 
pulse comprises multiple user channels for transmitting data, 
each channel being separated by a wavelength distance. 

10. The system according to claim 7, wherein altering the 
optical pulse shape in both amplitude and phase with respect 
to time includes decreasing the wavelength distance by at 
least a factor of four to increase a total bandwidth of the 
optical pulse. 

11. The system according to claim 7, wherein the input data 
is coded prior to generation of the optical pulse. 

12. The system according to claim 11, wherein the coding 
is selected from the group consisting of: channel coding, line 
coding and combinations thereof. 

13. The system according to claim 7, wherein said ?rst 
?lter is selected from the group consisting of: a spatial light 
modulator, a re?ective ?ber Bragg grating, a transmitting 
?ber Bragg grating, a Mach-Zehnder interferometer optical 
gate, and combinations thereof. 

14. The system according to claim 7, wherein an impulse 
response h(t) of said ?rst ?lter is a Fourier transform of a data 
transfer function H(u)) calculated according to the following 
formula: 



US 7,756,420 B2 
11 

h(t): fmmmewwdw 

Where H(u)) is determined as a function of frequency. 

15. A system for securely transmitting data in the form of 
an optical pulse along an dielectric Waveguide comprising: 

an optical pulse generator for generating an optical pulse 
including input data to be transmitted; 

a ?lter coupled to said optical pulse generator, for receiving 
the optical pulse, said ?rst ?lter formed according to the 
folloWing formula: 

h(t): fmmmewwdw 

Where H(u)) is a data transfer function that is determined as 
a function of frequency; 

said ?rst ?lter altering a shape of the optical pulse in both 
amplitude and phase With respect to time to encrypt the 
optical pulse; 

said ?rst ?lter coupled to the dielectric Waveguide; and 

said encrypted optical pulse inputted into and transmitted 
along the dielectric Waveguide. 

16. A system for transmitting data as an optical pulse along 
a dielectric Waveguide comprising: 

a third-order nonlinearity threshold; 
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an optical pulse generator for generating an optical pulse 

having a poWer level that exceeds said third-order non 
linearity threshold, said optical pulse including input 
data to be transmitted; 

a ?lter coupled to said optical pulse generator, for receiving 
the optical pulse, said ?lter having an impulse response 
h(t), Which is a Fourier transform of a data trans-fer 
function H(u)); 

said ?rst ?lter altering a shape of the optical pulse in both 
amplitude and phase With respect to time to form a 
modi?ed optical pulse shape, Which is maintained at or 
beloW said third-order nonlinearity threshold so as to 
suppress generation of third-order nonlinearities in the 
dielectric Waveguide; and 

said modi?ed optical pulse input into and transmitted along 
a dielectric Waveguide. 

17. The system according to claim 16 Wherein said impulse 
response h(t) is determined according to the folloWing for 
mula: 

Where said data transfer function H(u)) is determined as a 
function of frequency. 

18. The system according to claim 16, Wherein said ?lter is 
selected from the group consisting of: a spatial light modula 
tor, a re?ective ?ber Bragg grating, a transmitting ?ber Bragg 
grating, a Mach-Zehnder interferometer optical gate, and 
combinations thereof. 

* * * * * 


